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WKH GHVLJQHU UHTXLUHG WR UHDFK WKH FRPSUHVVLYH VWUHQJWK RI 1PP ZKLFK LV TXLWH D FRPPRQ UHTXLUHPHQW LQ
FRQFUHWH EULGJH HQJLQHHULQJ %XW RQ WKH RWKHU KDQG WKH FRQVWUXFWLRQ VSHHG UHTXLUHG UHDFKLQJ WKLV VWUHQJWK RQ
FRQVWUXFWLRQVLWHLQOHVVWKDQKRXUV7RPHHWERWKRIWKHVHUHTXLUHPHQWV LWZDVQHFHVVDU\WRGHYHORSDVXLWDEOH
FRQFUHWHPL[$IWHUVHYHUDOWULDOVWKHILQDOPL[SURSRUWLRQVJLYHQLQ7DEOHZHUHIRXQG
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 

7KLV FRQFUHWH IRUPXODPHW WKH UHTXLUHPHQWV RIZRUNDELOLW\ VWUHQJWK GHYHORSPHQW DQG DOVR WKH UHTXLUHPHQW RI
IURVW UHVLVWDQFH&RPSUHVVLYH VWUHQJWKRI WKLVFRQFUHWHPHDVXUHGRQVWDQGDUGFXEHVFXUHGDW& UHDFKHGPRUH
WKDQ1PPLQKRXUVDQGPRUHWKDQ1PPLQGD\V$QGDOWKRXJKWKHFRQFUHWHJUDGHVSHFLILHGLQWKH
EULGJH SURMHFWZDV&  GXH WR WKH UHTXLUHPHQW RI IDVW VWUHQJWK GHYHORSPHQW WKH ILQDO FRQFUHWHPL[PHW WKH
FRQGLWLRQVIRUFODVVLILFDWLRQDVDKLJKVWUHQJWKFRQFUHWHDFFRUGLQJWR>@
&OLPDWLFFRQGLWLRQVQHDUâWUEDYLOODJHDOVRUHTXLUHGWRSHUIRUPWKHFRQFUHWHFDVWLQJZRUNVDWWHPSHUDWXUHVUDQJLQJ
DURXQG±&&RQFUHWHHOHPHQWVFDVWDW WKHVH WHPSHUDWXUHVZHUHFRYHUHGE\ WKHUPDOFXULQJEODQNHW IHZKRXUV
DIWHUWKHFDVWLQJ
7KHFRPSUHVVLYHVWUHQJWKRIFRQFUHWHZDVWHVWHGRQVWDQGDUGFXEHVZLWKHGJHVRIPPFXUHGLQDFFRUGDQFH
ZLWK(1>@6LQFHDFFRUGLQJWRWKLVVWDQGDUGVSHFLPHQVZHUHVWRUHGDW&LQZDWHUWKHTXHVWLRQZDV
ZKHWKHU WKHFRQFUHWH LQ UHDOVWUXFWXUHKDUGHQLQJDWDPELHQW WHPSHUDWXUHVDURXQG& UHDFKHV WKHVDPHVWUHQJWK
%HFDXVHRIWKHXQFHUWDLQW\RIWKHUHDOVWUHQJWKRIWKHFRQFUHWHLQWKHVWUXFWXUHSURMHFWVXSHUYLVRUUHTXHVWHGWRVWRUH
WKH VSHFLPHQV DOVR DW DPELHQW WHPSHUDWXUHV  &7KHVH VSHFLPHQV VHUYHG WKHQ DV WKH UHIHUHQFHRQHV DQG WKH
SUHVWUHVVLQJ ZRUNV ZHUH DOORZHG RQO\ LI WKH FRPSUHVVLYH VWUHQJWK PHDVXUHG RQ WKHP IXOILOOHG WKH VWUHQJWK
UHTXLUHPHQWV(YHQWKRXJKWKLVFRQVHUYDWLYHVROXWLRQZDVVDIHLWVLJQLILFDQWO\VORZHGGRZQWKHFRQVWUXFWLRQSURFHVV
WKHVHVSHFLPHQVVRPHWLPHVQHHGHGPRUHWKDQGD\V LQVWHDGRIGD\V WRUHDFKWKHSUHVFULEHGVWUHQJWK2QWKH
RWKHU KDQG HYHQ WKRXJK WKHVH VSHFLPHQV ZHUH FXUHG DW WKH VDPH DPELHQW WHPSHUDWXUHV DV WKH FRQFUHWH LQ WKH
VWUXFWXUHVSHFLPHQVKDGVLJQLILFDQWO\VPDOOHUYROXPHWKDQWKHFDVWHGFRQFUHWHVHFWLRQ7KXVWKHVWUHQJWKRIFRQFUHWH
LQWKHVWUXFWXUHFRXOGUHDFKWKHSUHVFULEHGVWUHQJWKIDVWHUEHFDXVHRIWKHGLIIHUHQWKHDWGHYHORSPHQWLQPDVVFRQFUHWH
>@&RQVLGHULQJWKLVIDFWWKHUHDOVWUHQJWKVRIFRQFUHWHLQWKHVWUXFWXUHZHUHXQFHUWDLQDQGWKHFRQVHUYDWLYHVROXWLRQ
SUHVFULEHGE\WKHSURMHFWVXSHUYLVRUZDVQRWDFFHSWDEOHIURPWKHVSHHGRIFRQVWUXFWLRQSRLQWRIYLHZ

1RQGHVWUXFWLYHWHVWLQJRIWKHFRQFUHWH6FKPLGWKDPPHUZDVDEDQGRQHGEHFDXVHRIWKHFRQVLGHUDEOHYDULDWLRQV
EHWZHHQ VWUHQJWKV PHDVXUHG E\ WKLV QRQGHVWUXFWLYH HTXLSPHQW RQ FRQVWUXFWLRQ VLWH DQG EHWZHHQ WKH VWUHQJWKV
PHDVXUHGRQFXEHVSHFLPHQVLQODERUDWRU\

7KH WDVN ZDV WR ILQG VXFK FXULQJ FRQGLWLRQV IRU WKH FXEH VSHFLPHQV ZKLFK ZRXOG HQVXUH WKDW WKH VWUHQJWK
PHDVXUHGRQWKHPDIWHUGD\VZRXOGUHSUHVHQWWKHUHDOVWUHQJWKVRIWKHFRQFUHWHLQWKHVWUXFWXUHKDUGHQLQJDWORZ
DPELHQWWHPSHUDWXUHV

115 Peter Paulík /  Procedia Engineering  65 ( 2013 )  113 – 119 
([SHULPHQWDOLQYHVWLJDWLRQ
7KHHIIHFWRIFXULQJFRQGLWLRQVRQ WKH VWUHQJWKGHYHORSPHQWRIFRQFUHWHKDVEHHQGHVFULEHG LQPDQ\VFLHQWLILF
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VLJQLILFDQWO\DIIHFWWKHVWUHQJWKRIFRQFUHWHQRWRQO\DIWHUGD\VRIKDUGHQLQJEXWDOVRDIWHUGD\V+RZHYHUIURP
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)LJ&RPSUHVVLYHVWUHQJWKGHYHORSPHQWRIFRQFUHWHVSHFLPHQVZLWKGLIIHUHQWFXULQJUHJLPHV

7KH UHVXOWV VKRZ WKDW WKH FXULQJ UHJLPH KDV D VLJQLILFDQW HIIHFW RQ WKH FRPSUHVVLYH VWUHQJWKRI WKH VSHFLPHQV
HVSHFLDOO\ LQ HDUO\ VWDJHV RI KDUGHQLQJ ZKLFK ZHUH WKH PRVW LPSRUWDQW RQHV ,W ZDV FOHDU WKDW WKH GD\V
FRPSUHVVLYHVWUHQJWKVRIWKHVSHFLPHQVZHUHPRVWDIIHFWHGE\WKHDPELHQWWHPSHUDWXUH
(YHQ WKRXJK WKHDPELHQW WHPSHUDWXUHVLJQLILFDQWO\DIIHFWHG WKHFRPSUHVVLYHVWUHQJWKVRI WKH VSHFLPHQV LWZDV
VWLOO QRW FOHDU KRZ PXFK GRHV WKLV WHPSHUDWXUH DIIHFW WKH FRPSUHVVLYH VWUHQJWK RI WKH FRQFUHWH LQ WKH VWUXFWXUH
&RQFUHWHLQWKHFDVWHGHOHPHQWKDVDVLJQLILFDQWO\KLJKHUYROXPHWKDQWKHYROXPHRIFRQFUHWHLQWKHVSHFLPHQDQG
WKLVFRXOGOHDGWRGLIIHUHQWVWUHQJWKV>@2QHRIWKHUHDVRQVLV WKHIDFW WKDW WKHLQLWLDO WHPSHUDWXUHRIWKHFRQFUHWH
ZKLFKZDVDERXW& WHQGV WRSHUVLVW ORQJHU LQPDVVFRQFUHWH D VPDOO VSHFLPHQ WHQGV WRFRROGRZQ UHODWLYHO\
TXLFNO\ WR WKHDPELHQW WHPSHUDWXUH7KHUHIRUH LQPDVVFRQFUHWH WKHK\GUDWLRQ LQ WKHHDUO\VWDJHV WDNHVSODFHDWD
KLJKHU WHPSHUDWXUHDQGSURJUHVVPRUHUDSLGO\ WKDQ LQ WKHYHU\ VPDOOYROXPHRI WKH WHVWVSHFLPHQ/DUJHUYROXPH
DOVRSURGXFHVPRUHKHDWWKDWDFFXPXODWHV7KLVLQWHUQDOKHDWWKHQFRQWULEXWHVDJDLQWRDIDVWHULQFUHDVHLQVWUHQJWKRI
WKHFRQFUHWHHOHPHQWZKHQFRPSDUHGZLWKWKHVPDOOVSHFLPHQFXUHGDWWKHVDPHDPELHQWWHPSHUDWXUHV>@

7R SRLQW RXW WKHVH QRQQHJOLJLEOH HIIHFWV RI LQLWLDO WHPSHUDWXUH DQG SURGXFHG K\GUDWLRQ KHDW RQ VWUHQJWK
GHYHORSPHQWIROORZLQJVLPSOHH[SHULPHQWDOLQYHVWLJDWLRQKDVEHHQSHUIRUPHG
([SHULPHQWDOLQYHVWLJDWLRQZDVIRFXVHGRQO\RQWKHXSSHUGHFNRIWKHEULGJHEHFDXVHLWZDVDOZD\VFDVWHGGD\V
ODWHU WKDQ WKH UHVW RI WKH VHJPHQW DQG WKHUHIRUH LW KDG OHVV WLPH WR KDUGHQ &RQFUHWH ZDV QHHGHG WR DFKLHYH WKH
SUHVFULEHGVWUHQJWKLQWKHZKROHVHJPHQWDQGWKHUHIRUHWKHFRQFUHWHVWUHQJWKRIWKHXSSHUGHFNZDVGHFLVLYH)RUWKH
SXUSRVHRIWKHH[SHULPHQWDOVHJPHQWWKHDYHUDJHWKLFNQHVVRIWKHXSSHUGHFNPPKDVEHHQFRPSXWHGIURPWKH
UHDOWKLFNQHVVZKLFKZDVUDQJLQJIURPPPWRPP)LJ
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
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7DEOH&XULQJUHJLPHVRIWKHVSHFLPHQV
 &XULQJFRQGLWLRQV 1XPEHURIVSHFLPHQV
6HULHV. FXUHGLQZDWHUDW&& 
6HULHV/ FXUHGRQDLUDW&& 
6HULHV0 FXUHGRQDLUDW&&XQFRYHUHG 
6HULHV1 FXUHGRQDLUDW&&FRYHUHG 
6HULHV= ,QFRQFUHWHVHJPHQWDLUWHPSHUDWXUH&& 


)LUVW  KRXUV EHIRUH GHPRXOGLQJ WKH VSHFLPHQV RI WKH .VHULHV ZHUH VWRUHG LQ ODERUDWRU\ DW  & $IWHU
GHPRXOGLQJWKH\ZHUHVWRUHGLQZDWHUDW&&6SHFLPHQVRIWKH/VHULHVZHUHVWRUHGRQDLUDW&
&7KH\ZHUHGHPRXOGHGDIWHUKRXUV6SHFLPHQVRIWKH0DQG1VHULHVZHUHVWRUHGILUVWKRXUVDWDPELHQW
WHPSHUDWXUHV&&PD[DW &PLQDW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VWRUHGRQDLUDWUHJXODWHGWHPSHUDWXUH&&,PPHGLDWHO\DIWHUFDVWLQJVSHFLPHQVRIWKH=VHULHVZHUHSXWLQ
WKHH[SHULPHQWDOVHJPHQWZKLFKZDVVWRUHGDWDPELHQW WHPSHUDWXUH&&PD[DW &PLQDW
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)LJ6FKHPHRIWKHH[SHUPHQWDOVHJPHQW)LJ([SHULPHQWDOVHJPHQWRQFRQVWUXFWLRQVLWH

7KH H[SHULPHQWDO VHJPHQW KDV EHHQ  PHWHUV ORQJ  PHWHUV ZLGH DQG  PHWHUV KLJK ,WV KHLJKW
FRUUHVSRQGHGWRWKHDYHUDJHWKLFNQHVVRIWKHXSSHUGHFNRIWKHEULGJH&XEHVSHFLPHQVLQSODVWLFPRXOGVZHUHSXWLQ
WKHLUSRVLWLRQLPPHGLDWHO\DIWHUWKHVHJPHQWKDVEHHQFDVWHG)LJDQG3ODVWLFPRXOGVZHUHSURYLGHGIURPWKH
RXWVLGH E\ JUDFH DQG SODVWLF EDJ WR PDNH WKHP HDV\ WR SXOO RXW IURP WKH VHJPHQW DIWHU  KRXUV RI KDUGHQLQJ
([SHULPHQWDO VHJPHQW DQG WKH XSSHU GHFNZHUH FDVWHG DW WKH VDPH WLPH DQG WKH\ZHUH DOVR FRYHUHG E\ WKHUPDO
FXULQJEODQNHWDWWKHVDPHWLPH7KXVWKHLUFXULQJUHJLPHZDVDOPRVWWKHVDPH%\WKLVPHDQVWKHH[SHULPHQWDOFXEH
VSHFLPHQVRIWKH=VHULHVKDUGHQHGLQWKHPDVVFRQFUHWHKHDWHGE\WKHRQJRLQJK\GUDWLRQ$IWHUKRXUVWKHSODVWLF
PRXOGVZHUHSXOORXWIURPWKHVHJPHQWDQGWKHFXEHVSHFLPHQVZHUHWHVWHG5HVXOWVZHUHWKHQFRPSDUHGZLWKRWKHU
VSHFLPHQVKDUGHQLQJDWGLIIHUHQWFXULQJUHJLPHVDQGWKH\ZHUHVXPPDUL]HGLQ7DEOHHDFKUHVXOWLVWKHDYHUDJHRI
PHDVXUHPHQWV
7DEOH&RPSUHVVLYHVWUHQJWKDQGGHQVLW\RIWKHVSHFLPHQVDIWHUDQGGD\V
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)LJ0HDVXUHGFRPSUHVVLYHVWUHQJWKVDIWHUDQGGD\V

)URPWKHUHVXOWVVKRZQLQ7DEDQG LQ)LJ LW LVFOHDU WKDW WKH VSHFLPHQVRI WKH0DQG1VHULHVFXUHGRQ
DPELHQWWHPSHUDWXUHVUHDFKHGRQO\RIWKHFRPSUHVVLYHVWUHQJWKPHDVXUHGRQWKHUHIHUHQFHVSHFLPHQVFXUHGLQ
ODERUDWRU\DW&.DQG/VHULHVDIWHUKRXUV7KHFRPSUHVVLYHVWUHQJWKPHDVXUHGRQWKHVSHFLPHQVKDUGHQLQJ
LQWKHH[SHULPHQWDOVHJPHQW=VHULHVUHDFKHGDOPRVWRIWKHVWUHQJWKPHDVXUHGRQWKHUHIHUHQFHFXEHV.DQG
/VHULHV6SHFLPHQVRIWKH=VHULHVKDGDSSUR[LPDWHO\WLPHVKLJKHUFRPSUHVVLYHVWUHQJWKVDIWHUKRXUVWKDQWKH
VSHFLPHQVRIWKH0DQG1VHULHV

,QWKLVVLPSOHPDQQHULWZDVGHPRQVWUDWHGWKDWWKHKRXUFRPSUHVVLYHVWUHQJWKRIWKHPDVVFRQFUHWHZKLFKLV
KDUGHQLQJDWORZDPELHQWWHPSHUDWXUHVFRXOGQRWEHVLPSO\UHSUHVHQWHGE\VPDOOVSHFLPHQVFXUHGDWWKHVDPHORZ
DPELHQW WHPSHUDWXUHV %DVHG RQ WKLV H[SHULPHQWDO LQYHVWLJDWLRQ LW ZDV UHFRPPHQGHG WR FXUH WKH VSHFLPHQV
DFFRUGLQJ WR WKH YDOLG VWDQGDUG UHTXLUHPHQWV >@ DQG RQ WKH EDVLV RI WKHLU VWUHQJWK WR GHWHUPLQH WKH VWDUW RI
SUHVWUHVVLQJZRUNVZLWKDFHUWDLQ VDIHW\PDUJLQRI1PP)XUWKHUPRUHFDVWLQJDW ORZHUH[SHFWHG WHPSHUDWXUHV
WKDQ&KDVQRWEHHQDOORZHG
&RQFOXVLRQV
,Q WKHSDSHU LWZDV VKRZQ WKDW WKH FXULQJ UHJLPHRI WKH VSHFLPHQVSOD\V D VLJQLILFDQW UROH LQ WKH FRPSUHVVLYH
VWUHQJWKGHYHORSPHQWRIWKHKLJKVWUHQJWKFRQFUHWHHVSHFLDOO\LQWKHHDUO\DJH'LIIHUHQFHVLQFRPSUHVVLYHVWUHQJWKV
ZHUHDOPRVWDIWHUKRXUVZKHQFRPSDULQJWKHVSHFLPHQVFXUHGDW&RQDLUZLWKWKHVSHFLPHQVFXUHGDW
&LQZDWHU$IWHUDQGGD\VWKHVHGLIIHUHQFHVJUDGXDOO\GLPLQLVKHG

2QHRIWKHPDLQDLPVRIWKLVH[SHULPHQWDOLQYHVWLJDWLRQZDVDOVRWRHOLPLQDWHWKHLQDSSURSULDWHFXULQJRIWKHFXEH
VSHFLPHQV RQ WKH FRQVWUXFWLRQ VLWH GXULQJ WKH FRQVWUXFWLRQ RI WKH EULGJH QHDU âWUED YLOODJH &XEH VSHFLPHQV RQ
FRQVWUXFWLRQ VLWH ZHUH FXUHG DW ORZ DPELHQW WHPSHUDWXUHV OHIW QHDU WKH FDVWHG EULGJH VHJPHQW &RQVWUXFWLRQ
VXSHUYLVRUDQGKLVWHDPEHOLHYHGWKDWWKLVFXULQJRIWKHVSHFLPHQVOHDGWRWKHEHVWHVWLPDWLRQRIWKHUHDOFRPSUHVVLYH
VWUHQJWKVRIWKHFRQFUHWHLQWKHVWUXFWXUH+RZHYHUWKHH[SHULPHQWDOLQYHVWLJDWLRQVKRZHGWKDWDIWHUKRXUVWKHVH
VSHFLPHQV UHDFK RQO\ DSSUR[  RI WKH FRPSUHVVLYH VWUHQJWKPHDVXUHG RQ VSHFLPHQV FXUHG LQPRUH UHDOLVWLF
UHJLPH%DVHGRQ WKLVTXLWH VLPSOHH[SHULPHQW LWZDV UHFRPPHQGHG WRFXUH WKH VSHFLPHQVDFFRUGLQJ WR WKHYDOLG
VWDQGDUGV GHVSLWH WKH ORZ DPELHQW WHPSHUDWXUHV 7KH DFFXUDF\ RI WKLV UHFRPPHQGDWLRQ ZDV ODWHU LQGLUHFWO\
FRQILUPHG,IWKHUHDOVWUHQJWKVZRXOGEHDVORZDVWKH\ZHUHSUHGLFWHGE\LQDSSURSULDWHO\FXUHGVSHFLPHQVDSSUR[
RIWKHSUHVFULEHGVWUHQJWKVLWLVKLJKO\SUREDEOHWKDWWKHUHZRXOGRFFXUIDLOXUHVLQWKHDQFKRUDJH]RQHGXULQJ
SUHVWUHVVLQJZRUNV+RZHYHUQR IDLOXUHVZHUHHYHU UHFRUGHGDQG WKXV WKHDVVXPSWLRQVZHUH LQGLUHFWO\FRQILUPHG
6SHFLPHQVFXUHGDW ORZDPELHQW WHPSHUDWXUHVEHIRUH WKLVH[SHULPHQWDO LQYHVWLJDWLRQRIWHQ UHDFKHG WKHSUHVFULEHG
VWUHQJWKRQO\DIWHUPRUHWKDQGD\VLQVWHDGRIGD\V7KLVGHOD\VLJQLILFDQWO\VORZHGGRZQWKHZKROHFRQVWUXFWLRQ
SURFHVV6KRZLQJWKDWWKLVFXULQJUHJLPHGRHVQRWOHDGWRWKHUHDOFRPSUHVVLYHVWUHQJWKVLQWKHVWUXFWXUHDOORZHGWKH
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ZRUNV WR SURJUHVV DW XVXDO VSHHG ZLWKRXW FRPSURPLVLQJ WKH VDIHW\ RI WKH VWUXFWXUH %\ PHDQV RI WKLV KLJKHU
FRQVWUXFWLRQ VSHHG FRQVLGHUDEOH IXQGV ZHUH VDYHG 0RUH GHWDLOHG VWXG\ RI WKLV SUREOHP LV UHFRPPHQGHG LQ WKH
IXWXUH HVSHFLDOO\ LI VRPH VLPLODU SUREOHP DULVHV EHFDXVH WKH EHQHILW RI DFFHOHUDWHG FRQVWUXFWLRQ FRXOG EH
VLJQLILFDQW
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